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At very high energy (VHE, E>100GeV), we count only three blazars of the ﬂat spectrum
radio quasars (FSRQs) type to date. The MAGIC experiment detected all three of them;
∗This is an Open Access article published by World Scientiﬁc Publishing Company. It is distributed
under the terms of the Creative Commons Attribution 3.0 (CC-BY) License. Further distribution
of this work is permitted, provided the original work is properly cited.
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here we present MAGIC observations of 3C 279 and PKS 1510-089. 3C 279 was observed
in 2011, without a signiﬁcant detection, hence upper limits on the diﬀerential ﬂux have
been computed. The MAGIC observations of PKS 1510-089 in 2012 were triggered by
alerts of high activity states and resulted in a signiﬁcant detection. MAGIC observations
are complemented with simultaneous multiwavelength observations in high energy γ rays,
X-rays, optical and radio wavelengths and polarization measurements. With the study
of the spectral features and the variability observed, we aim to identify the physical
processes responsible for the behavior of this source class. In particular, we propose
coherent scenarios, which take into account both the modeling of the spectral energy
distribution and the constraints obtained from the lightcurves.
Keywords: Quasars: individual (3C 279, PKS 1510-089); gamma rays; active galaxies;
radiation mechanism: non-thermal.
PACS numbers: 95.85.Pw, 98.54.Aj, 95.30.Gv
1. Introduction
FSRQs are a subclass of blazars characterized by pronounced emission lines in the
optical spectrum. Out of the 52 blazarsa known to be VHE γ-ray emitters, only
three are FSRQs: 3C 279,1 PKS 1510-0892,3 and PKS 1222+21.4 The MAGIC
experiment, stereo Cherenkov telescopes sensitive to VHE γ rays located in the
Canaries,5 detected all three of them. In this work we are presenting MAGIC results
together with multiwavelength (MWL) observations for the sources 3C 27910 and
PKS 1510-089.11
2. 3C 279
3C 279 is the ﬁrst FSRQ detected at VHE1 and among the most distant known
sources at VHE. In 2011 it was observed with the MAGIC telescopes twice as part
of two diﬀerent campaigns:10 from February to April for regular monitoring and,
in June, after alerts of high activity states in optical and high energy γ rays (HE,
100MeV<E<100GeV). No signal was found in any of the observation periods, hence
upper limits on the diﬀerential ﬂux have been derived (left panel of Fig. 1). We have
complemented VHE data with MWL observations at lower energies (right panel of
Fig. 1 and Fig. 2). During spring 2011 (Fig. 2) there were two subsequent ﬂares in the
HE band, with the same trend in the X-ray band and an optical ﬂare started during
the descending phase of the second HE ﬂare. Simultaneously with the HE γ rays
and optical ﬂares, there was a rotation of the optical polarization angle, as observed
in previous ﬂares.6 Contrary to previous ﬂaring episodes of this source, no enhanced
activity has been measured in the radio band and new radio knots were not ejected.
The behavior observed in June 2011 (right panel of Fig. 1) can be interpreted with
a two-zone leptonic model.8 X-ray, HE and VHE emission is generated in a region
inside the broad line region (long-dashed line), while the optical emission comes
from an external region, located close to the radio core (short-dashed line). The
ahttp://tevcat.uchicago.edu/
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Fig. 1. (Left) MAGIC observations of 3C 279 (see Ref. 10): upper limits obtained from 2011
observations and historical observations (Ref. 6). All observations are corrected for the absorption
of the extragalactic background light (EBL) using the model of Ref. 7. (Right) The MWL SED
obtained for June observations of 3C 279: radio from Metsa¨hovi (red open triangle), optical from
KVA (red full triangles), X-ray from RXTE (red bowtie), HE γ rays from Fermi (red circles) and
MAGIC (red arrows: EBL corrected, cyan arrows: observed points). Historical data are also shown
(Ref. 6).
Fig. 2. The MWL lightcurves of 3C 279 from February to June 2011 (see Ref. 10).
features of the rotation in polarization angle have been interpreted with a bent
trajectory of the emission feature, ampliﬁed due to relativistic aberration.
3. PKS 1510-089
In early 2012, PKS 1510-089 was ﬂaring in the HE γ-ray band; after alerts from the
AGILE and Fermi-LAT collaborations, MAGIC performed follow-up observations.
The source was detected at VHE3 and found that the spectra is very soft (the
observed spectral index is 4.0 ± 0.4, while the index of the EBL corrected ﬂux is
1460176-3
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Fig. 3. The spectrum of PKS 1510-089. MAGIC observations (open squares: observed; ﬁlled cir-
cles: EBL corrected using the model of Ref. 7) are shown together with the Fermi-LAT spectrum
(open circles), obtained combining all events of time intervals coincident with the MAGIC observa-
tion window. The thick lines show the log parabola ﬁt to the data and its extrapolation, where the
thin lines indicate the statistical uncertainty of the ﬁt. The dashed lines show the extrapolation
with the EBL correction.
Fig. 4. MWL lightcurves of PKS 1510-089 in Spring 2012. The numbers in the Fermi-LAT
lightcurve correspond to three distinct γ-ray ﬂares, which show diﬀerent MWL behavior. The
symbol marked “K12” in the bottom panel shows the zero separation epoch of a knot from the
VLBA core.
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2.8± 0.6, Fig. 3) and the source did not show any variability neither at daily nor at
weekly time-scales (upper panel of Fig. 4). These results are in agreement with those
found by the H.E.S.S. collaboration during a previous observation campaign.2The
MWL lightcurves are presented in Fig. 4. During the MAGIC observation period,
there were three distinct ﬂares in HE γ rays. The latter were also detected by the
AGILE telescope. All three ﬂares are characterized by diﬀerent behavior at lower
energies. Simultaneously to the ﬁrst HE ﬂare, there was a rotation of > 180◦ of
the optical polarization angle, the ejection of a new radio knot and a radio ﬂare.
The second HE ﬂare was accompanied by an optical ﬂare, a rotation of > 180◦
of the optical polarization angle but in the opposite direction with respect to the
previous one, and a radio ﬂare. The third HE ﬂare had only a counterpart in the
optical polarization angle: there was a rotation of > 180◦ in the direction of the
ﬁrst rotation. During the whole MAGIC period, there was only modest activity in
the X-ray band. HE and VHE spectra connected smoothly (Fig. 3), suggesting a
negligible amount of internal absorption. We estimate that the emission region is
located at the radio core, and we interpret the observed behavior using the scenario
proposed by Ref. 9. A knot, propagating along the jet passes the VLBA core (ﬂare
1). Flare 2 is caused by a sudden energization of the electrons in the knot and ﬂare
3 by a increase in the local seed photon ﬁeld. Regarding the optical polarization
data, we assume the reason to be turbulence. The MWL SED (Fig. 5) has been
modeled using two diﬀerent leptonic scenarios:8 external low energy photons from
the IR torus (left panel), and from a slow sheath of the jet (right panel).
Fig. 5. The SED of PKS 1510-089 in Spring 2012 including F-GAMMA and Metsa¨hovi (magenta),
GASP-WEBT (green ﬁlled circles), Swift-UVOT and XRT (red ﬁlled circles), Fermi-LAT (black
ﬁlled circles), AGILE (green, open triangles) and MAGIC (red, EBL corrected) data. The solid
black line represents the modeling of the broad band emission, assuming the low energy peak to be
originate from synchrotron emission (blue dashed line), while the high energy bump is dominated
by the external Compton mechanism. In case A, seed photons are the IR torus (long dashed line)
photons, while in case B, are coming from a slow sheath of the jet (light-blue dashed line). The
short dashed line indicates the thermal component from the accretion disk.
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4. Conclusions
We have presented MAGIC results and MWL observations of two FSRQs, 3C 279
and PKS 1510-089. For 3C 279, we have derived the most stringent upper limits on
VHE γ-ray emission. We have interpreted the observed behavior with a two-zone
leptonic model for the SED, whereas the optical polarization signature is explained
via a bent trajectory with relativistic aberration. Previous VHE detections of this
source happened during high optical and/or X-ray states, and the MWL properties
observed in June 2011 were similar to those previously reported, with the diﬀer-
ence that in the present case the VHE observations did not result in a detection.
PKS 1510-089 showed no VHE variability, contrary to the other two FSRQs known
to show intra-night variability. The observed behavior could be explained with an
emission region located at the radio core, and the variability was associated with
an emission feature moving across diﬀerent zones whose turbulence could be the
source of the observed signatures in optical polarization. The analysis of the MWL
behavior of these two sources allowed us to put constraints on the location of the
emission regions and to propose possible coherent scenarios (full details in Ref. 10,
11). However the origin of the VHE γ-ray ﬂares in these two sources remains an
open question.
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